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RESEARCH MEMORANDUM

INVESTIGATION OF INTERFERENCE LIFT, DRAG, AND PITCHING
MOMENT OF A SERIES OF TRIANGULAR-WING AND BODY
COMBINATIONS AT A MACH NUMBER OF 1.94

By Donald E. Coletti
SUMMARY

An investigation was made at a Mach number of 1. 94 of & series of
triangular-wing and body combinations to determine the interference 1lift,
drag, and pitching moment.

The models consisted of a series of seven flat-plate triangular
wings of varying scaele in combination with bodies of fineness ratio 9.13
and 10.27. Tour wings had semiapex angles of 30 , whereas the remaining
three wings had semiapex angles of 45°.

The results of the investigation indicated that interference between
the wing and body gave an increase in 1lift over that of a wing and a
body alone but at the expense of more drag. This interference also gave
reductions in positive pitching moments. The effect of Reynolds number
variation on the 1lift, drag, and pltching moment of the wing in the
presence of the body was generally small. In general, good predictions
of the interference lifts and pitching moments on the body due to the
wings and on the wings due to the body were obtained by the methods pre-
sented in NACA RM A51J0k ard NACA RM A52B06. Increasing the Mach number
from 1.62 (NACA RM I55B25) to 1.94 (present results) did not change the
interference 1lift contribution, eliminated the negativyg .interference
pitching moment on the wing due to the body, and decreased the interfer-
ence drag contribution. Fineness ratio produced little or no effect on
the interference quantities with the exception of the drag on the body
due to the wing.

INTRODUCTION

. v
The problems of wing-body-tall interference on various sircraft con-
figurations have recelved conslderable attention both theoretically and
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experimentally at subsonlc, transonic, and supersonic speeds. A com-
pilation of much of the past work relating to these problems can be
found in reference 1. Since the publication of reference 1, additional
work has been done, some of which is presented in reference 2. In this
reference, an experimental investigation was made at & Mach number

of 1.62 to determine the interference aercdynamic characteristics of a
series of triangular-wing and body comblnations.

The present report can be consldered an extension of reference 2
to include interference data of the same series of triangular-wing and
body combinations but at & Mach number of 1.9%. Similar to reference 2,
the results presented herein place emphaslis upon 1ift and pltching-
moment interference, with drag interference results included. Compari-
sons of the measured interference quantitles are made with theory. The
investigation involved a series of flat-plate triangular wings of varying
size having beveled leading and trailing edges in combination wilth a
bedy of revolutlon having a flneness ratio of 10.27. Some additional
tests were glso made involving two of the trilangular wings and a body
having a finenesg ratio of 9.13. Reynolds numbers of the tests varied

from 0.25 X lO6 to 2.46 X 106 based on the wing mean aerodynemic chord.

Four of the wings had semiapex angles of 30° with an exposed aspect
ratlo of 2.3, whereas the remalning three wings had semiapex angles of
45° with an exposed aspect ratio of k.

SYMBOLS
o angle of attack of body
b total wing span
Cr wlng root chord _ . _

ol

mean aerodynamic chord of exposed wing

Cy, 1ift coefficient, Lift/qS )
Cp drag coefficient, Drag/qS
Cn pltching-moment coefficlent about 50 percént mean aero-

dynamic chord, Moment/ch

CX - longitudinal-force coefficient for exposed wing in pres-
ence of body, X/qS -

CRUSIBENTIRLIR
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Cr,, = %gL at Cp =0

Cma = %;Q at Cp, =0

CDmin minimum drag coefficient

CI&' lift-curve slope based on maximum body frontal area

Cma' pitching-moment-curve slope based on maximum body frontal
area and maximum body dlameter

CDmin' minimum drag coefficlent based on maximum body frontal
area

a body dismeter

D maximum body diameter

1 angle of wing incidence

L total body length

M Mach number

n fineness ratio, L/D

lp forebody length from nose to Juncture of body and leeding
edge of wing root chord

€ semiapex angle of wing leading edge

q dynamic pressure, pV2/2

o stream density

R Reynolds number, pVE/u

S exposed wing ares

T maximum wing thilickness

v stream velocity

X longitudinal force, positlive rearward

NN
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X longitudinal coordlnate from nose of body
1 coefficlent of viscosity
A.C. aerodynamic-center position relative to 50 percent mean

aerodynamic chord, positive forward

Configuration i1dentification: -

B body alone : —
W exposed wing alone -

WB wing and body in combination _
W(B) wing in presence of body

Derived measurenents:

bw) interference on body due to wing, WB -,[W(B) + Eﬂ

w(b) interference on wing due to body, W(B) - W

APPARATUS AND TESTS

Tunnel o

The Langley 9-inch supersonic tunnel is a closed-throat, single-
return, continuous-operating tunnel in which the test section 1s approxi-
mately 9 inches square. Different test Mach numbers are achieved
through the use of interchangeable nozzle blocks. FEleven fine-mesh
turbulence-damping screens are 1lnstalled in the settling chamber ahead
of the supersonic nozzle. The pressure, temperature, and humidity can
be controlled during the tunnel operation.

Models

The basic models consisted of a body having interchangeable noses
to gilve fineness ratios of 9.13 and 10.27 and of a series of seven flat-
plate trianguler wings of varying plan-form scele ratios having beveled
leading and tralling edges. TFour of the wings had semiapex angles of
30° (exposed aspect ratio of 2.3), whereas the remaining three wings
had semiapex angles of 45° (exposed aspect ratio of L4). Table I gives
the body coordinates and wing-shape parameters. A sketch of a typical
triangular wing mounted on the two bodies of different forebody lengths

_gvicicaaniivii.. . N
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is shown in figure 1, and & photograph of all the models including the
seven wings tested in the presence of the body, the n = 10.27 body, the
nogse for the n = 9.13 body, and the two wings tested alone (sting-
mounted) is shown in figure 2.

An illustration showing how wings in the presence of the body are
interchanged is shown in figure 2 of reference 3. However, for some of
the wings of thils investigation (wings 1, 2, 3, 5, and 6 - see fig. 2),
slots had to be cut in the forward and rear center of the wings to fit
the body. These slots were cut so that & small gap (0.003 inch) existed
between the wing and body, thereby insuring a free-floating wing. The
gap effect on the aerodynemic forces is believed to be negligible and
is discussed in reference 2.

Balsences

A straln-gage balance mounted inside the body was used to obtain
the 1ift, drag, and pitching moment of the wings in the presence of the
body. The housing containing this internal baslance was closed off at
the model and sting bases to prevent any flow of air through the housing
at these points. For a detalled description of the balance, see refer-
ence 3.

The 1ift, drag, and pitching moment of the seven triangular-wing
and body combinations of the two bodies alone and of the two wings alone
were obtained by an external balance system. The various confilgurations
were sting-mounted to a system of self-balancing beam scales. A detailed
description of the installation of the test models and the elimination
of the tare forces may also be found in reference 3.

Tests

Tests were conducted at a Mach number of 1.94. Measurements were
made of 1ift, drag, and pitching moment about the wing 50 percent mean
aerodynamic chord for the wings alone, bodies alone, wings in the pres-
ence of the bodies, and the wing-body combinations. Reynolds numbers
of the tests based on the wing mean aerodynsmic chord varied from
0.25 x 10° to 2.46 x 105. (For a detasiled list of Reynolds numbers for
the varlous wings, see table IT.) The angle of attack of each configu-
ration was Iindicated on a scale, graduated in degrees, by means of a
light beam reflected from a small mirror mounted flush on the rear of
the bedy and on the sting in the case of the wing alone. The range of
angle of attack was approximetely L6°.

Throughout the tests, the dewpoint in the tunnel was malntained at
a level where condensation effects would be negligible.

REITE. -
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PRECISION OF DATA

The precision of the various quantities involved In the testing is
listed in table II. Thils extensive table results from the change in the
accurscies of the coefficients wlth wing conflguration. It is under-
standeble that, for a given uncertalnty of a particular gquantity, the
accuracy of the coefficient derlived from this quantity would be a func-
tion of the S8 and € wvalues. At the lower Reynolds numbers, the
accuracies of some of the measured quantities (see blanks in table II)
were insufficient to obtain relisble interference quantities. This may
be attributed to the low loads on the model and its components at the
lower Reynolds numbers and to the accuracy of the external balance sys-
tem at the time of these tests. The present tests along with the tests
reported in reference 2 were some of the filrst to utilize the recently
installed six-component external balance system; consequently, the
improved accuracy now obtalned with the system and resulting from modi-
fications to the balance subsequent tc the tests of this investigation
was lacking. The estimated uncertainties in a given quantity obtained
from the strain-gage balance (wing in the presence of the body) were
combined by the method which is based on the theory of least squares
outlined in reference 4. Por the case where the precision varies with
the 1lift, the esccuracy was determined at the approximate end of linearity
of the 1ift. - — -

The accuracy of the stream Mach number represents & maximum varia-
tion about & mean Mach number throughout the test sectlon.

PRESENTATION OF DATA

In figures 3 to 20, the aerodynamic characteristics of Cp, Cp,
Cx, and Cp of the wings alone, bodies alone, wings and bodies in com-

bination, and wings in the presence of the bodies are presented as a
function of angle of attack. All the coeffilcients are based on the
exposed wing area of the particular configuration. Since the Reynolds
numbers vary both with the wings and with tunnel stagnation pressure,
the Reynolds numbers are given in the filgures.

DISCUSSION OF RESULTS

Wing Alone, General -

Lift-curve slopes, pitching-moment-curve slopes, and minimum drag
of the wings alone were obtained by testing one wing from each group of
wings having semiapex angles of 30° and 45°. These two wings were
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tested over a range of Reynolds number equivalent to that which would
be obtained if wings 1 to 7 were tested. Wings 2 and 6 were selected
cince their scale factors were such that equivalent Reynolds numbers
could easily be obtained within the lilmits of the tunnel operation.

The Reynolds numbers were cbtalned by verying the tunnel stagnetion
pressure. It 1s realized that the thickness ratios of wings 2 and 6
(wing alcne, table I) do not correspond to all of the thickness ratios
of wings from 1 to 7 (see table I). Therefore, some of the minimum
drags cannot be compared directly even for equivalent Reynolds numbers.
Corrective measures were not mede to the data with regard to the thickness-
ratio effect; discussions concerning this will be presented in later
sections. The 1i1ft, drag, and pitching-moment coefficients of winge 2
and 6 are presented in figures 19 and 20, respectively, as functions of
angle of attack for various values of Reynolds numbers. Lift-curve
slopes, pitching-moment-curve slopes, and minimum drags are shown in
figure 21 for wings 2 and 6. The coefficilents corresponding to the
Reynolds numbers of wings 1 to 7 obtained from the faired end extrapo-
lated curves of figure 21 are tabulated in teble III.

Wing in the Presence of the Body,
Reynolds Number Effect

The effect of Reynolds number on the serodynamlc characteristics
for the wings in the presence of the two bodies is shown in figure 22.
It is seen that, for the configurations investlgated, the 1lift generally
increases with increasing Reynolds numbers for any one wing. This small
increase in 11ft 1s probably due to a decrease in separation at the wing
tralling edge and body Juncture in going from a low to & high Reynolds
number. It is further seen that as the Reynolds number is increased,
the pitching moment remalns constant or decreases slightly for a given
wing. This could also indicate & decreasing region of separation with
increasing Reynolds number, and in turn cause a slight rearward shift
of the serodynamic center. It is, of course, reslized that this slight
decrease of piltching moment may not be too significant since for some
wings this decrease 1s of the order of the accuracy of the measurements.

Figure 22 shows that for any one wing the drag is essentlally con-
stant for increasing Reynolds number. It i1s further seen from flgure 22,
that the smaller wings generally have higher drag coefficients than the
larger winge with the same apex angle. Thils is, at least in part, due
to the increase in wave drag that results from increasing thickness
ratio with decreasing wing size (see table I and fig. 2). A substanti-
ation of this was made by using an approximation involving ratios of

(t/c‘i)2 for the wings.



8 m NACA RM L5511k

Within the limits of this investlgetion and with a consideration o
of the accuraciles of table III, there is no effect on the aerodynamic ¥
characteristics due to varylng the forebody length.

Basic Quantities for Interference Evaluation

General.- Figures 23 and 24 show, for configurations involving
wings having € = 30° and e = 45°, respectively, the variation of
1ift-curve slope, pltching-moment-curve slope, and minimum drag values
with ratios of b/D for the wing and body in combination WB, wing in
the presence of the body W(B), body alone B, and the wing alone W.

In these same figures, comparisons are made between experiment and
theory of some of the configurations and coefficients. The experimental
gquantities are teken directly from the curves In figures 3 to 21. The

coefficients of the wings and bodies alone are based on the exposed >
wing area and are presented as functions of b/D for consistence pur-
poses and for the convenience of comparigon with the remalning b

configurations.

Wings.- The theoretlcal 1ifts for the wings alone were obtained
from reference 5. Brown's theory was used for the subsonic-leading- _
edge wing (e = 30° shown in fig. 23) and Ackeret's result was used for
the supersonic-leading-edge wing (e = 45° shown in fig. 24). The
theoretical values, whilile somewhat higher than those obtalned experi- -
mentally, are nevertheless, 1in good agreement with the experimental val-
ues, particularly for the € = 45° wings. , -

Since linear theory predicts the center of pressure at the centrold

of the area or 50 percent mean aerodynamic chord, the theoretical pitching

moment i1s zero for this investigation. - - . ) =
Body.- The theoretical 1lifts and pitching moments for the body

alone were obtalned from the theory presented in reference 6. As seen .

from the figures, the theory 1s 1n good agreement with the experimental

pitching moments and only falr with the experimental 1lifts. Theoretical

values of 1ift for the n = 9.13 body (not shown) were slightly larger

than the theoretical values for the n = 10.27 body and were of the same

trend as the experimental values. The theoretical pitchlng moments for

the n = 9.13 body (not shown) were found to be in very good agreement

with the experimental values. ) _

As seen in figure 23, the experimental 1ifts for the n = 9.13 body
are slightly larger than are those for the n = 10.27 body. With con-
sideration of the accuracies involved, there 1s no difference in experi-
mental pltching moments between the two bodies. The increase in drag
for the n = 9.13 body over that for the n = 10.27 body 1s, of course,
due to the fineness-ratio effect. 2

o
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Wings in presence of body.- The methods for predicting the lifts
and pitching moments of the wings in the presence of the bodles are
found in references 7 and 8. The predicted 1lifts for the € = 30° con-
figurations are slightly high, but have the same trend as the experi-
mental values. The predicted lifts for the € = 45° configurations are
in very good agreement with the experimental 1ifts. The agreement
between the experimental and predicted values of pitching moment is good
for all the conflgurations. No differences are predlcted in the lifts
between the n = 9.13 body and the n = 10.27 body. This result occurred
elso for the pitching moments.

The minimum drag coefficlients for all the wings in the presence of
the bodies, shown in figures 23 and 24, do not take into account the
effects due to the different thickness ratios. If these effects were
consldered, 1t is probable that the trend of drags would parallel that
for the wings alone in going from a& low to a high b/D. It is obvious
then that the interference drag on the wing due to the body would also
be affected.

Wing and body in combination.- The comparisons between the experi-
mental 1lifts and pitching moments for the wing-body combinations and
the methods presented in references 7 and 8 are in better agreement
than are simlilar comparilisons for the wings in the presence of the bodiles.
As seen in figures 23 and 2k, the differences between the experimental
and the predicted lifts for the wings in the presence of the bodles are
slightly larger than are those for the wing and body combinations. The
calculated forces and moments for the wing-body combinations were
obtained in the same manner as were those for the wings in the presence
of the bodies, namely, a percentage of the forces on the wing alcne.

The experimental lifts for the wing-body combinations involving
the n = 9.1% body are slightly larger than are those involving the
n = 10.27 body. No differences were found in pltching moments between
the wing-body combinations involving the two different forebody lengths.
T™he drags of the combinations with the n = 9.13 body are slightly larger
than are those with the n = 10.27 body.

Interference Quantities

General.- The Interference on the body due to the wing is obtained
by subtracting the forces on the wing in the presence of the body and
body alone from that of the wing-body comblination; that is,

b(w) = WB - EW(B) + 3]. In like manner, the interference on the wing
due to the body 1s the difference between the forces on the wing in the

presence of the body and on the wing alone in free stream; that is,
w(b) = W(B) - W.
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A summation of the interference quantities for the body due to the
wing b(w) and the wing due to the body w(b) 1is presented as a func-
tion of b/D in figure 25 and cr/D in figure 26 for the series of
the wing and body combinations. In flgure 25(a) and 25(b) the values
are based on the exposed wing area since the methods of references 7
and 8 for the predictlons of the interference quantities base the coef-
ficients on the area of the exposed wing. In figures 25(c), 25(d),
26(a), and 26(b) the values are based on the maximum body frontal area
and maximum body diameter. If differences between the interference
forces on the body due to the wing are to be explained for the various
wing-body combinations, 1t is understandable that erroneocus conclusions
could be made concerning some of the quantities with the coefficilents
based on the exposed wing area. For this reason, discussions concerning
the effects between the various wing-body combinations will be confined
to coefficlents based on maximum body frontal area and meximum body
diameter for the case of the body dvue to the wing and on exposed wing
area for the case of the wing due to the body.

Theoretical methods used to predict the interference gquantitles
indicated no differences between configurations involving the n = G.13
bedy end the n = 10.27 body. ’ '

Lift on body due to wing.-~ A comparlson of the experimental 1ift
on the body due to the wing b(w) with the theoretical method is shown
in figure 25(a). In general, the agreement is good with the exception
of the configuration involving wing 1 with a b/D value of 5.60. For
this configuration the experimental 1ift 1s high. It 1s believed that
this may be due to some interference phenomenon associated with the
leading edges of wings 1, 2, 3, and 4 (e = 30°) spproaching a sonic con-
dition. As seen from figure 25(a), the 1lift decreases with increasing
b/D or exposed wing area; however, when the values are based on a
common area (see figs. 25(c) and 26(a)), the interference 1ift increases
with Increasing wing slze as would be expected. From figure 27, the
interference 1ift on the body due to the wing 1s seen to be predominately
that which carries over from the wing to the body between the Mach helices
emanating from the leading- and tralling-edge root-chord Junction. Fig-
ure 27 alsc indicates that with decreasling wing scale, the area upon
which this interference 1lift acts decreasses, resulting in less inter-
ference lift. From figure 26(2), the 1ift on the body due to the wing
for any glven cr/D is less for configurations with wings having
€ = 300 than for those having ¢ = h5o. This 1is apparently due to the
fact that the higher 1ift for the supersonic-leading-edge wing (as com-
pared with that for the subsonic-leading-edge wing) carries over onto
the body. =

In addition to this positive carryover 1lift, an induced negative
11ft, created by the vortex action of the wing, acts on the afterbody.’
Since there were no definite results in the present investigation

L e pazic g e m)
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pointing to this induced negative 1lift, it is probable that this 1lift
represents a small percentage of the total interference. This was also
found to be the condltion that existed for the triangular wings In ref-
erence 2 and the rectangular wings 1in reference 3.

There appears to be little or no effect of forebody length on the
interference 1lift of the body due to the wing as shown in figure 25(c).

Pitching moment for body due to wing.- Figure 25(&) shows that the
sgreement between the experimental and theoretical pitching moment for
the body due to the wing is good at the high values of b/D but poor
at the low values of b/D. Some of this poor agreement at the low val-
ues of b/D may be due to the low accuracy of the experimental measure-
ments for the smaller wings. (See, for example, wing 4 in table II.)

With reference to the sketches in figure 27, the wing-root 1lift
carryover onto the body acts behind the center of gravity sc that a
negative pitching moment is obtained. This is shown experimentally in
figures 25 and 26.

With consideration of the accuracies, there appears to be no dif-
ference in experimental interference pltching moments on the body due
to the wing for the different forebody lengths.

Aerodynamic center of body due to wing.- As seen in figure 25(a),
the theoretlcal aerodynamlic centers are in good agreement with the
experimental results at high values of b/D and in fair agreement at
low values of b/D. The variation of the aerodynamic centers with b/D
shows that, for configurations having € = 45° wings, the interference
1lift center is farther rearward along the body than for the e = BOO con-
figurations. If the aerodynemic centers were shown as functions of
cr/D values, the lift centers between the ¢ = 30° and € = 45° con-

figurations would be coincldent.

The interference aerodynamic-center locations are about the same
for configurations having different forebody lengths as seen in fig-
ure 25(a).

Drag on body due to wing.- When the coefficients are based on the
exposed wing area as in figure 25(a), the interference drag on the body
due to the wing %b(w) for the € = 30°, n = 10.27 configurations
decreases with increasing b/D. The € = 45° configurations follow the
same trend with the exception of b/D = 3.62; the reason for the lower
interference drag of this configuration is not known.

The reason for the lower b(w) drag of the n = 9.13 configurations
becomes more apparent when the equation for b(w) 1is considered; that

is, b{w) = WB - [W(B) + B]. For the lower fineness-ratio configurations,

e -



12 awrssmenglly NACA RM L55I1k

the body-alone drag is higher, whereas the W(B) and WB drags remain
essentlally the same for the two configurations (table ITII), the net
result being lower b(w) drag for the n = 9.13 configurations.

When the coefficlents are based on the maximum body frontal area
(figs. 25(c) and 26(a)) there is, in general, a slightly increasing b(w)
drag with increasing b/D or cr /D. '

Lift on wing due to body.- Figure 25(b) shows that good agreement
is obtelned between the experimental 1i1ft on the wing due to the body
w(b) and theory. With the coefficients based on the exposed wing area
(fig. 25(b)), 1t 1s seen that higher 1ift coefficlents are obtained on
the smaller wings. In all probability this is due to the fact that more
of the ares of the smaller wings is in the stronger upwash field of the
body compared with that for the larger wings. It 1s further seen that,
for any given b/D, the interference 1lift coefficient is greater for the
€ = 45° configuration than for the ¢ = 30° case. Of course, when the
coefflcients are based on the maximum body frontal ares (figs. 25(d)
and 26(b)), more positive 1lift coefficients are obtainéd from the larger
wings. :

The effect of changing forebody length had no effect on the inter-
ference 1ift on the wing due to the body. n

Piltching moment of wing due to body.- With consideration of the
eccuracy the interference pltching moment of the wing due to the body,
for all practical purposes, is negligible for configurations involving
wings 3, 4, and T as shown by figures 25(b), 25(4), and 26(b). For con-
flgurations involving wings 1, 2, 5, and 6 a small positive moment is
obtained.

Aerodynamic center of wing due to body.- The interference aerody-
namic centers shown in Tigure 25(b) generally follow the same trends as
the 1nterference pltching moments. The location of the interference
serodynamic centers may be explained by the fact that for wings 1, 2,

5, and 6 the interference 1lift center is slightly forward of the centroid
of the wing areas (resulting in a positive piltching moment), whereas for
wings 3, 4, and 7 the interference 1lift center is very nearly coincildent
wilth the centrold of the wing areas or the 50 percent mean aserodynamic
chord. .

Drag on wing due to body.- The interference drags on the wings due
to the body are shown in figures 25(b), 25(d), and 26(b). However, as
was mentioned previously, the effect of wing thickness ratio (which was
not taken into account in the analysis) would alter the variation of
these drags. From estlmations made to smccount for thig thickness-ratio
effect, the interference drags of figure 25(b) would be changed to give
a more positive slope in golng from low to high values of 'b/D. In any

C )
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case, most of the Interference drag i1s apparently due to skin-friction
effects.

Contributions of the Baslc and Interference Quantities

In order to assess the relative effects of each quantlty on the com-
plete configuration, each of the basic and interference quantitles of
1lift, pitching moment, and drag is shown in figure 28 as a function of
the total 1ift, piltching moment, and drag of the complete configuration.
Figure 28(a) presents the fractional breakdown of the various elements
for the configurations involving the wings of ¢ = 30° and bodies of
n = 10.27 and n = 9.13; whereas figure 28(b) presents the configura-
tions involving the wings of ¢ = 45° and the n = 10.27 body. It is
seen from this figure that the interference 1lift on the w(b) and b(w)
is very beneficial for the configurations involving wings of € = 30°
or 45°, Between a 17-percent and 36-percent increase in 1ift can be
realized, because of interference, over that which could be obtalned by
simply adding the 1lifts of the wing alone and the body salone.

The pitching-moment contribution of the various 1lift quantities -
for all the wilng-body comblnations illustrates clearly that the 11ft on
the b(w) =acts behind the centroid of the wing areass, thus giving a
negative pitching moment. Between & 2-percent and a 34-percent reduc-
tlon in positive pitching moment is realized because of interference
over that which could be obtained by summing the pitching moments of
the wing alone and of the body alone. The wing alone, wing in the pres-
ence of the body, and the interference on the wing due to the body con-
tribute a positive pitching moment, showing that the 1lift center is shead
of the centroid of the wing area. The body moment contribution is by
far the largest positive moment slnce its aerodynemic center i1s in the
region of the nose of the body.

The fractional breakdown of the various drag quantities 1s some-
what as would be expected. That 1s, the low b/D wings alone contribute
a smaller percentage of drag to the total than do the large b/D wings
alone; whereas, the drag contribution of the body 1s the reverse. The
drags for the w(b) are presented as obtained from the tests with no
corrections due to thickness ratio. The interference drags on the wing
due to the body are seen to be small percentages of the total wing-body
drags, whereas, the interference drags on the body due to the wings were
a large percentage of the total with the exceptlon of the configurations
involving the n = 9.1% body.

A comparison of the interference quantitlies may be made at two dif-
ferent Mach numbers from the results of the present investigation
(M= 1.94) and reference 2 (M= 1.62). TIn general, the beneficial con-
tribution of interference 1ift to the total 1lift of any of the investigated

it iz S
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configurations is very nearly the same at the two Mach numbers. Posil-
tive interference pitching moments only were obtained.on the wing due

to the body at a Mach number of 1.04; whereas both positive and negative
pitching moments were obtained at a Mach number of 1.62. The drag inter-
ference contribution is slightly less at M= 1.94 as compared with
that at .M = 1.62 for all the configurations investigated.

CONCLUSIONS : -

An investigation was made of the interference effects on a series
of seven flat-plate triangular wings of varying scale in combination
with bodies having two different forebody lengths. Four of the .wings
had semilspex angles of 30° while the remaining three hed semiapex angles
of A5o. Baslc measurements of 1lift, drag, and pitching moment were
obtained for the wing-body combinations, wing in the presence of the _
body, wing alone, and bodies alone at a Mach number of 1.94. Interfer-
ence lifts, drags, and pltching moments were cbtained from the baslc
measurements. The results indicate that:

1. Interference gave between a 17-percent and 36-percent increase
in lift over that which would be obtained by summing the lifts of the
wing alone and of the body aelone. This was accompanied by an Iincrease
in drag due to skin friction.

2. The method presented in NACA RM AS1JOk gave good predictions of
the interference 1l1fts on the body due to the wing and on the wing due
to the body. The experimental 1lifts for the wing-body combinations and
for the wings in the presence of the bodies were generally in good agree-
ment with the above method.

3. Interference gave between a 2-percent and 34-percent reduction
in positive pitching moment from that which would be obtained by summing
the piltching moments of the wing alone and of the body alone.

4. The predictions of the interference pitching moments on the body
due to the wings using the method in NACA RM A52B06 was in good agree-
nment at the higher ratios of wing span to body diameter b/D and poor
st the low b/D ratlos. The experimental pitching moments for the wings
in the presence of the body and the wing-body combinatlions were generally
in good agreement with the above method. -

5. Within the limits of thils investigation, the effect of varying

Reynolds number upon the 1ifts, drags, and pltching moments for the wings
in the presence of the body was generally small. -

“
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6. The interference drags on the body due to the wings were a large
percentage of the total wing-body drags, wherees the interference drags
on the wings due to the body were relatlvely small percentages of the
total drags. These Interference drags were probably due to changes in
skin-friction drags.

7. Within the limlts of the investigetion, changing the forebody
length so that the fineness ratio, n, of the body changed from 9.13
to 10.27 had little or no effect on the Interference quantities with
the exception of the drag on the body due to the wing. Thils drag inter-
ference for the configuration ilnvolving the n = 9.13 body was conslder-
ably smaller than that for the configuration involving the n = 10.27 body.

8. Within the limits of this investigation and that presented in
NACA RM L55B25, increasing the Mach number from 1.62 to 1.94 did not
change the interference 1ift contribution, eliminated the negative inter-
ference pitching moment on the wing due to the body, and decreased the
interference drag contribution.

Iangley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 14, 1955.
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TABRIE I

BODY COORDINATES AND WING-JEAPE PARAMETERS
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TABLE IIT

SUMMARY OF LIFT-CURVE AND PITCHING-MOMENT-CURVE SILCPES,

AND MINIMOM DRAG VALUES AT ZERO LIFT FROM FIGURES % To 21

-
Wing-body combination, [Wing in presence of body, Ying, Body,
Body WD W(B) W B
Wing L R »
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Dets cbtalned at equivalent Reynolds mumbers.
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Figure 1.- Sketch of a triengular wing mount'ed on either an n = 10.27 body

or en n = 9.15 body. DBody coordinstes a.nﬁming shape parameters are
Jisted In table I.
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Figure 2.- Photegreph of models tested.
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Figure 3.- Aerodynamic characteristics of the wing andi%ody combinatioh

for triangular wing 1 (e = 30°) and the n = 10.27 body alone.

alone results are based on exposed area of triangular wing 1.)
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Figure L.- Aerodynaemic characteristics of the wing in the presence of the
n = 10.27 body for trianguler wing 1 (e = 30°). Flagged symbols denote
check wvalues.
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Figure 6.- Aerodynamic characteristics of the wing in the presence of
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Figure 15.- Aerodynamic charecteristics of the wing end body combination
for triangular wing 6 (e = 45°) and the n = 10.27 body alone. (Body-
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check values.
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Figure 17.-~ Aerodynsmic characteristics of the wing and body conbination
for triangular wing 7 (e = 45°) and the n = 10.27 body alone. (Body-
alone results are based on exposed area of triangular wing 7.) Flagged
symbols denote check values.
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Figure 18.- Aerodynamic characteristics of the wing in the presence of the
n = 10.27 body for triangular wing 7 (e = 45°). Flagged symbols denote
check values.
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Figure 19.- Aercdynamic characteristics of triangular wing 2 .
(e = 30°) alone., Flagged symbols denote check values.
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Figure 20.- Aerodynamic characteristics of triangular wing 6
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Figure 21.- Variation of the aerodynamic characteristics of wings 2 and 6
alone as a function of Reynolds number at "M = 1.9k,
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Flgure 22.-~ Effect of Reynolds number on the aerodynamic characteristies
of the wing in the presence of the n = 10.27 body, W(B). Flageed
symbols denote n = 9.13 body.
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Figure 23.~- Comparison of the experimental and theoreticsl aerodynamic
characteristics of WB, W(B), W, and B for a serles of € = 30° tri-
angular wings and bodies having fineness ratics of 10.27 and 9.13
at M= 1.94. TFlagged symbols denote n = 9.13 body. Wing-alone
values are obtained at equivalent Reynolde numbers.
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Figure 25.- Interference quantities as a function of b/D for b(w) and
w(b) with the n = 10.27 body. Flagged symbols denote n = 9.13 body.
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Flgure 27.-~ Approximate location of nose shocks end Mach lines on the
geries of triangulsr wing and body combinmtions at M = 1.9k,
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and n = 9.1% body. Symbols denote n = 9,13 body.
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